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(54) HIGH STRENGTH STEEL PIPE HAVING STRENGTH HIGHER THAN THAT OF API X65 GRADE 



(57) The present invention provides a high-strength 
steel pipe of API X65 grade or higher consisting essen- 
tially of, by mass %, 0.02 to 0.08% of C, 0.01 to 0.5% of 
Si, 0.5 to 1 .8% of Mn, 0.01 % or less of P, 0.002% or less 
of S, 0,01 to 0.07% of Al, 0.005 to 0.04% of Ti, 0.05 to 
0.50% Mo, at least one element selected from 0.005 to 
0.05% of Nb and 0.005 to 0.10% of V. and the balance 



being Fe, in which the volume percentage of ferritic 
phase is 90% or higher, and complex carbides contain- 
ing Tl, Mo, and at least one element selected from Nb 
and V are precipitated in the fen-itic phase. The high- 
strength steel pipe in accordance with the present in- 
vention has excellent HIC resistance and good tough- 
ness of heat-affected zone, and can be manufactured 
stably at a low cost. 



F1G.1 



CO 



Q. 

LU 




aOI 0J02 0.03 004 ao5 
riC0NTO^(wL%) 



006 



Printed by Joum. 76001 PARIS (FR) 



EP 1325 967 A1 

Description 
TECHNICAL FIELD 



10 



IS 



so 



25 



30 



35 



40 



45 



SO 



55 



BACKGROUND ART 

S is'^^dL^^^^^^^^^^^ o„ or nature, gas containing hy.rogen ■ 

ance (SCC resistance) as well as high strenXSn t tlatn«^^^^^ TT"" ''^'''"^ 
by an internal pressure that is prodLd bJXeSmen^^^^^^ 

sorted on the steel surface, intmde into stVelTa!3 hvdr„n! ^ h^'" "'"^'"^ ^^^<=ti°" 

as Mns and hard second phases such a1 manens^'ST ' '"'^'"^'""^ 

spherical inclusions to decre^etlr^Ll^ 'Sn^^^^^^ ^"'"'^^ '° ^"'^ 

Japanese Patent Publication No. 61 ^oTeeTnd^n^^^^^ "^"^ Unexamined 

closeda steel in which mefon^ation of «e """''^^r '^"^'^^^ 

gation region and hard phases such as martensite oTbaS h^^^^^^^^^ 

by a decease in amount of segregation-prone le^enteS ' Propagation path of cracking is restrained 

accelerated cooling during traLom^a^onTa Irotf ioS .TiZT"' VT"' '' ' ''''' ^'^ "^^""S" 
5-9575. Unexamined Japanese Patent Publicifon No I Ai '''' ''^^^"^^ '^^""^ Publication No. 
7-1 73536 have disclosed a steel plathav^^sr^^^^^ Unexan,ined Japanese Patent Publication No. 

is controlled by adding Ca to al^f slc^T centS Tef ^^^^^^ ^'^'^ '"''^ '"^^^ "^'^^^'^^ 

strength is provided by the addi ton of Cr 1 an^^^?n7«^^ ^ ^^TT °' ^ ^"^ ^"'^ '^'9^' 

are methods for preventing HIC cauteS by ceS s^^^^^^^ ^''^^^ "^^'^"^^ 

[0004] However, a steel plate having a strenath of API yfi<;nraH=«rK- K ■ .. 

cooling or direct quenching, so that a near Surface real o^ho^ ^ "'"^"^ '"^""fectured by accelerated 
liable to be hardened than the interior the eof and heZ h r '^'"^ '"^^ -^^^ 

stmcture obtained by acceler^S coo ina SnslToS^^ T""^ f^^^ "^^^ '"^^^ ^'so, micro- 

not on^ in the near surface Sn b^r^ t^^^^^^^^ high HIC sensttK,fty 

caused by center segregation does notsufffee ThLw I, h J a^ove-descnbed method for preventing HIC 

must be taken againi H IC cau^^rthe mios^^^^^^ 
inclusions such as s^^^^^ 

KLr:^raJ~ 

improved by ferritic microstrucL eTnd ror ^ Kd2^^^^^^ ' ^""^ "'^ resistance are 

[0006] However, the -icrostructure ofte h g -J^nl ^e^?^^^^^^ strengthening by carbides. 

No. 7-216500 consists of bainite phases wmreSZlT^TJ^ Unexamined Japanese Patent Publication 

cost because i*re content olslT^T^re^ri^TZ^^^^ ^ '''^^ manufacturing 

hlgh-strength steels described in Unexam SSneirpl t o '""^ostructure of the 
Patent Publication No. 7-70697 consist of dure Srri^^^^^^^^ 

strength is low. In orderto obtain higSstlcJStr ^^Zm ""^ '^"""""^ '^'^ ^^"'^ 

No. 61-227129. large amounts of C ani fiTa^ addl.^ ^ Unexamined Japanese Patent Publication 

pering is perfomied again to pr^iSte^ a lar^Tamo^^^ ^ ^"^^ quench-and-tempe, and tem- 
steeldescribedinUneLined^ZntePatSrS^^^^^^^^ 

Tl is added to obtain high strenoth bv utilizing nr J« 17 . achieve high strength stably because 
tobecoarsenedbytheLrrrfcXtX^^^^^^^^^ 

amount of Ti, the toughness of heat-affected zone ditlrin™, • <^ ^ ^""'^"^'^ ^""^"9 large 
welding or submerged arTwX a^t^lied^^ '^^ 
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DISCLOSURE OF THE INVENTJION 

[0007] An object of the present invention Is to provide a high-strength steel pipe of API X65 grade or higher which 
has excellent HIC resistance and good toughness after welding, and which can be manufactured stably at a low cost, 

5 and a manufacturing method thereof. 

[0008] The above object can be attained by a high-strength steel pipe of API X65 grade or higher consisting essen- 
tially of, by mass %, 0,02 to 0.08% of C, 0.01 to 0.5% of SI, 0.6 to 1 .8% of Mn, o:oi or less of P, 0.002 or less of S, 
0.01 to 0.07% of Al, 0.005 to 0.04% of Tl, 0.05 to 0.50% Mo, at least one element selected from 0.005 to 0.05% of Nb 
and 0.005 to 0.1 0% of V, and the balance being Fe, in which the volume percentage of ferritic phase Is 90% or higher, 

10 and complex cart)ldes containing Ti, Mo, and at least one element selected from Nb and V are precipitated in the ferritic 
phase. 

[0009] This high-strength steel pipe Is manufactured, for example, by a manufacturing method for a high-strength 
steel pipe of API X65 grade or higher, comprising the steps of heating a steel slab having chemical composition de- 
scribed above to a temperature In the range of 1000 to 1250*0; hot rolling the steel slab at a finish temperature not 
15 lower than the Ar3 transformation temperature to make a steel plate; cooling the steel plate at a cooling rate not lower 
than 2'C/s; coiling the cooled steel plate at a temperature in the range of 550 to 700'G; and fomiing the coiled steel 
plate into a steel pipe. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

[0010] 

FIG. 1 is a diagram showing the relationship between Tl content and Charpy fracture appearance transition tem- 
perature of heat-affected zone; 
25 FIG. 2 is a view showing one example of microstructure of a high-strength steel In accordance with the present 

invention; 

FIG. 3 is a diagram showing an EDX analysis result of precipitates; : 
FIG. 4 is a view showing one example of a production line for a steel plate; and 

FIG. 5 is a graph showing one example of heat treatment using an induction heating apparatus. - 

30 

EMBODIMENTS OF THE INVENTION 

[001 1 ] The inventors obtained the following findings as a result of study on HIC resistance and toughness of welded 
part of a high-strength steel pipe having a strength of API X65 grade or higher which lis used for line pipes. 

35 

1 ) If hard second phases such as bainite, martensite, pearlite, etc. exist in a fen-itlc phase, accumulation of hydrogen 
and stress concentration are prone to occur at the phase interface, so that a volume percentage of fen-itic phase 
not lower than 90% is effective In Improving HIC resistance. 

2) It is well known that Mo and Ti are elements fonning carbides in steel, and the steel is strengthened by preclp- 
40 itation of MoC orTiC. Carbides precipitated in a ferritic phase by co-addition of Mo and Tl are represented by (Mo, 

Ti)C, and these carbides are complex carbides in which (Mo, Tl) and C are bonded to each other at an atom ratio 
of about 1:1. The carbides are very fine, smaller than 1 0 nm, because they are stable and have a low growth rate. 
Therefore, these complex carbides have a more powerful strengthening function than the conventional MoC and 
TIC. Such very fine carbides exert no influence on HIC. 
4^ 3) In the steels containing Ti, as the Ti content Increases, the toughness of heat-affected zone deteriorates. To 

prevent this deterioration, it is effective to add at least one element selected from Nb and V In addition to Mo and 
Ti and to precipitate fine complex carbides containing Mo, Ti, Nb and/or V. 

4) By the above-described microstructure, both a high strength of API XBS grade or higher and HIC resistance 
such that cracl<lng does not occur in a HIC test in accordance with NACE Standard TM-02-84 can be achieved. 
50 In particular, both a high strength of API X70 grade or higher and excellent HIC resistance can be achieved for 

the first time by the present invention. 

[0012] The present invention has been made based on the above findings. The reason for limiting the content of 
each element will be described below. 
55 [0013] C: C is an element for strengthening steel by precipitation as carbides. However, if the C content Is lower than 
0.02%, a strength of API X65 grade or higher cannot be obtained, and If it exceeds 0.08%, the HIC resistance and the 
toughness of welded part deteriorate. Therefore, the C content should be 0.02 to 0.08%. 

[0014] Si: Si js an element necessary for deoxidlzation of steel. However, If the Si content is lower than 0.01%, the 
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» TheMm, th, Mn oon»™ shouM b. 0 5 to 18% ««MatKM» M the HIC lesWanca OMeiiorale. 

content should be 0.01 to 0.07%. . °egraaes and thus the HIC resistance deteriorates. Therefore, the Al 

. "^idi t;X^^^^ content is not lower than 0.005%. T, ton. 

« in FIG. 1 . If the Ti content exceeds 0 04^ the ZaL tlc^.T^ ^'''^ °^ ^ ^^own 
zoneexceeds-20-.andhencethrtoughne^dL^^^^^^^^^^ ^^'"P^^'"^* heat-affected 

If the TI content Is lower than 0.02%. L SfaS^^rac^r^^ the Ti content should t« 0.005 to 0.04%. Further. 

^h^„^ 

are formed together with TI so that the strenqthSna of itLn^ "T^l^^^' """"9' ^ complex carbides 
hard phases such as bainite or marten^ratfored atd^^^^^^^ ' ^'^--cls 0.50%. 

content should be 0.05 to 0 50% ' ^ '^s's^nce deteriorates. Therefore, the Mo 

invention. elements exert no influence on the operation and effects of the present 

"°*-a''-than95%.thes,rengthen^^^^^^^^^ 

0.05% C. 0.15% Si. 1.26% 1 a 1% Mo 0 omTSSTS"'' ""'"3 " composition of 

precipitates smaller than 10 nm in L a^e iI^:,'^AIs^^^^^^^^^ LT. -'^'V, " ''^'^'^ "'^"V 
an energy dispersion X-ray spectroscopy metSodSoXi ; Tn H J^"^ °' ^""^^'"^ precipitates made by 
containing 71. Nb, V and Mo ^ ^' " *at the precipitates are complex carbides 

aS?oo.5s:iStrcSei^:rr^^^^^ 

steel is promoted. If the con.enTof (W^^Z e^^tscl!'^^^^^ ""'^ strengthening of 

deteriorating the HIC resistance ' ^^"^^ '""'^ or martensite are fomied, 

CL.re^^2„r.rer.^^^^^^^^ 

Of steel degrades and thus the HIC resistant deteSit^ ^If! ! m T ' ' ° *^««"«"«^ 

100291 Still further, if at least one elemrntTeleSed fZ cI^^I h% ^ ° ° °'^40%. 

further strengthening of steel can be ^^fevi ' ""'^ " ^" ^««c*ed below. 

St exl'ds'LT^:::.!^^^^^^ '-easmg the strength. However. I, the Cu 

[0031] Ni: Ni Is an effective Sen^Zt f^^^Z^^^^ 
contentexceedsO.S%..eH.Cres.;'i^S»^^^ 
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[0032] Cr: Cr is an effective element for increasing the strength, lil<e Mn. However, if the Cr content exceeds 0.6%, 
the weldability deteriorates. Therefore, the Cr content should be not higher than 0.5%. 

[0033] If not only the content of each component but also Ceq expressed by the following equation (1 ) is controlled, 
the toughness of heat-affected zone Is further improved. In particular, it Is preferable that Ceq be not higher than 0.30% 
5 for API X65 grade, Ceq be not higher than 0.32% for API X70 grade, and Ceq be not higher than 0.34% for API X80 
. grade. 

Ceq = C + Mn/6 + (Cu+Ni)/1 5 + (Cr+Mo+V)/5 (1 ) 

10 

[0034] Further, if R expressed by the following equation (2) is in the range of 0.5 to 3.0, thermally stable and very 
fine complex carbides can be obtained, so that strengthening of steel and improvement in toughness of heat-affected 
zone can be achieved more stably. In order to obtain a far higher strength, the R should preferably be 0.7 to 2:0. 

15 . 

R=(C/1 2)>[{Mo/96)+(Ti/48)+(Nb/93)+(V/61 )+(W/1 84)] (2) 

[0035] Next, a manufacturing method for the high-strength steel pipe in accordance with the present invention will 

be described. 

20 [0036] A steel slab having the above-described composition is heated to a temperature in the range of 1000 to 
1250°C, and is hot rolled at a finish temperature not lower than the Ar3 transformation temperature. Then the rolled 
plate is cooled at a cooling rate not lower than 2°C/s and is coiled at a temperature in the range of 550 to 700*»C, and 
finally, a steel pipe is fonned. Thereby, a high-strength steel pipe of API X65 grade or higher which is composed of 
ferritic phase with a volume percentage not lower than 90% and complex carbides containing Ti, Mo, and at least one 

25 element selected from Nb and V which are dispersed in the ferritic phase can be obtained. 

[0037] If the heating temperature of slab is lower than lOOO^C. the carbides are not resolved sufficiently, so that a 
necessary strength cannot be obtained, and if the heating temperature exceeds 1250''C, the toughness deteriorates. 
■ Therefore, the heating temperature of slab should be 1000 to 1250**C. 
[0038] If hot rolling is perfomied at a finish temperature lower than the Af3 transfonmation temperature, the micro- 

30 structure becomes elongated In the rolling direction, and hence the HIC resistance deteriorates. Therefore, hot rolling 
should be perfomied at a finish temperature not lower than the Ar3 transformation temperature. To prevent a decrease 
in toughness due to coarse microstructure. hot rolling should preferably be perfomied at a finish temperature not higher 
thanQSO'^C. 

[0039] After hot rolling, if the rolled plate is cooled at a cooling rate lower than 2*C/s as in the case of air cooling or 
35 slow cooling, complex carbides begin to precipitate at a high temperature region and coarsen easily, which Inhibits the 
strengthening of steel. For this reason, the rolled plate must be cooled at a cooling rate not lower than 2**C/s. At this 
time, if the cooling finish temperature Is too high, the precipitates are coarsened, so that a sufficient strength is not 
obtained. Therefore, the cooling finish temperature should preferably be not lower than the colling temperature and 
not higher than 750*C. . .r 
40 [0040] After being cooled at a cooling rate not lower than 2*C /s, the steel plate must be coiled at a temperiature In 
. the range of 550 to 700°C, preferably in the range of 600 to 660°C. to obtain fen-itic phase and fine complex carbides. 
. If the coiling temperature is lower than 550*'C, bainitic phase is fonmed, and hence the HIC resistance deteriorates. If 
the coiling temperature exceeds 700°C, the complex carbides coarsen, and hence a sufficient strength cannot be 
obtained. 

45 . [0041] This coiling method for coiling the steel plate at a temperature in the range of 650 to 700*C Is used when a 
steel plate which is a raw material for a steel pipe is manufactured in a hot rolling mill for steel sheet. In this case, the 
steel plate is formed into an electric resistance welded steel pipe or a spiral steel pipe by the press bent forming method 
or the roll forming method. 

, [0042] When a steel plate which is a raw material for a steel pipe is manufactured in a hot rolling mill for heavy gauge 
so steel plate, instead of being coiled at a temperature in the range of 550 to 700°C, it is necessary that the steel plate 
be cooled to a temperature in the range of 600 to 700''C at a cooling rate not lower than 2''C/s, and then it be slowly 
cooled at least to SSO^'C at a cooling rate not higher than O.r C/s, or the steel plate be cooled to a temperature in the 
range of 550 to 700*'C, and immediately after that, It be subjected to heat treatment at temperatures in the range of 
550 to 700*'C for three minutes or longer In this case, the steel plate Is fonned into a UOE steel pipe by the UOE 
55 fonning method. 

[0043] As means for slowly cooling the steel plate at a cooling rate not higher than 0.1*»C/s. there can be used a 
, hfiethod in which steel plates are piled and cooled or a method in which the steel plate is cooled in a box fumace etc. 
[0044] If an induction heating apparatus is provided on a plate manufacturing line, the heat treatment at temperatures 
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appa..s 5 and a hoMerra^VaC ^^^^^^^^^ T"^ ^''^-'^ - '"^-ion .eating 

com,ng out of a heating furnace is rolled into a steetlate 2 bv the^^^^^^^^^ 'n!"' ^^^^ « ^'^b 

accelerated cooling apparatus 4, and is subjected to ^2 Ll.l.„t k T ^'^^^ ^ is cooled by the 

steel plate 2 is corrected in shape by the JS^^\lT^nl7. TT^ ^ "^^^""S ^PP^^^*"^ 5. Then, the 

r0047] FIG. 5 shows one example of l^tlV^l^; ^ P'P® "manufacturing process. 

[0048] in this example, the s^efjatll kem SL^' 'T'""" ''"^''"^ ^PP^^^'"^" 
Of heating using the induction heCCSt TetIZ 

highest temperature (Tmax) does not exceed 70o»r :„:lr I." ™3 ^P^^^'"^ '""'^d on and off SO that the 
wh,ch the steel plate is kept at temperatures in L r^nSe of ynTr f t ^""'"^ ^ ^SOoc, by 

induction heating arises a difference in temprrarure beLl^ht ^'^ ^'''"'^ °^ '°"9«^ «°tal. The 

temperature specified herein is an average S te^peraSre ihe^ h " T P'-'«- "n^e 

and becomes even. '^ *''®"'^®^''^"sfers from the surface layer to the interi^^ 
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^ [0049] Electric resistance welded steel pipes Nos 1 to j>o u.ith 

Of 12.7 mm were manufactured, using the S A to 

underconditions given in Table2inah'otroltgt?fo,s°^^^^^^^^^ 

d.ameterof914.4mm andawall thickness of 19 1 mman^w^^^^^^^ 

of 25.4 mm were manufactured, using steel pl^o^ZhTSr^r^T .^^ 

^ -'""9-"forsteelp.ate.ThesteelplatL wereSanS^^^^ ""'"""^ "^^"'^ ' « ^^''^ 

The mean cooling rate from the start of slow cc^mZ S^^^t^l^ 

rnAcii Ai^ - ^ K7 u 



Sn tordJ^atn^reSrw^ AP, standard was cut out in ^e ..umfera„ee 

due to manufacturing conditions, the stee ^pe hS teS^^ 

meeting the standard of API X65 grade, the stS p^rSatiln ! tl ?T ^° regarded as 

as meeting the standard of API X70 grade tXZ'oi^lZT '""'^ was regarded 

regarded as meeting the standard of API X80 grai ^ ^ '"^ ^''^"^'^ ^"^^ 6^0 MPa was 

SSto?d:p^g^.^eT^^^^^ 

cractang was not recognized was indicated by 0 Z ^he cL j^h^^ J^!f '"^ ^"'^'"^ ""^^^e 

toughness, a2-mm V notch Charpytestpiece wStalL inthfw,!^ , ^""""^ '"''^''^^ "y . For HAZ 

=::;;irnrc:rss™^S^^ 
SLrrSrer;!^^^^^ 

.n whrch nne carbides with a partide diameter s^Sh^To^m h^^^^^ 

.elected from Nb and V were dispersed. Steel T^s Xs V a 5 10 ? TT"" ""'^ ^ '^^^ 

Aii^t:r:ri^r::rr^^^ 

femtte Phase becauTe the manS;:;Sng ZTdt^ oS "'^ -"^'-"^'^ a 

containing Ti. Mo. and at least one element selected^m S -Vh v ^ "'^ f"*"*"' '"^*"«''"- «"« cart>Wes 
was not Obtained and cracking was observed fnTeSlCtTprt T'" T ^'^'"'"^'^''^ «° t^^t « S"ff«'ent strength 
could not be secured becausLf low hea^ng teL^l^^^^^^^^ 

lack in cari^ides precipitated at the coili^ tJSe TSne No 20 ' T '•^^"'^ «>" 
—turebecame elongated in the^S:.^^^^^^^^^^^^ 
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No. 21 , since the cooling rate after rolling was low, carbides began to precipitate from a high temperature region and 
were coarsened, so that the strength was decreased. For steel pipe No. 22, since the colling temperature was high, 
carbides were coarsened, so that a sufficient strength was not obtained. For steel pipe No. 23, since the coiling tem- 
perature was low, the structure contained bainitic phase, so that the HIC resistance deteriorated. 
[0056] Also, steel pipes Nos. 24 to 29 as comparative examples had problems of Insufficient strength, occurrence 
of cracking in HIC test, and deteriorated HAZ toughness because the chemical composition was outside the range of 
the present invention. For steel pipes Nos. 24 and 26, since the content of Mo or Tl was low, sufficient precipitation 
strengthening was not achieved, so that the strength was low. For steel pipe No. 26, since the Ti content was too high , 
the microstructure was coarsened by welding heat, so that the HAZ toughness deteriorated. For steel pipe No. 27,' 
since the C content was low. sufficient precipitation strengthening was not achieved, so that the strength was low. For 
steel pipe No. 28, since the C content was too high, bainitic phase was fomied, and hence the HIC resistance deteri- 
orated. For steel pipe No. 29, since the S content was too high, many sulfide inclusions were fomied, so that the HIC 
resistance deteriorated. 

[0057] All of steel pipes Nos. 30 to 33 in accordance with the present invention had a tensile strength of 580 MPa 
or higher, and also had high HIC resistance and HAZ toughness. The structure of steel pipe was substantially a ferrltic 
phase, in which fine carbides with a particle diameter smaller than 10 nm which contained Ti. Mo, and at least one 
element selected from Nb and V were dispersed. 

[0058] For steel pipe No. 34 as comparative examples, since the cooling rate was high at the time oi slow cooling, 
and the microstructure contained bainitic phase, the HIC resistance deteriorated. Also, for steel pipe No. 35, since the 
chemical composition was outside the range of the present invention and the Ti content was high, the HAZ toughness 
deteriorated. 
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being hot rolled, the rolled steel plates were immediately cooled by using a water-cooled inline accelerated cooling 
apparatus, and were subjected to heat treatment by using three inline induction heating apparatuses provided in series 
on the manufacturing line or a gas-fired furnace. In Table 5, each temperature is an average plate temperature, and 
the maximum and minimum temperatures are the above-described highest and lowest temperatures at the time of heat 
5 treatment. Also, the number of cycles means the number of cycles of heating perfomied by using the induction heating 
apparatuses to keep the steel plate at temperatures in the range of 550 to 700* C for three minutes or longer. In the 
case of gas firing, the steel plate was kept at a fixed temperature. 

[0060] As in example 1 , UOE steel pipes Nos. 36 to 51 with an outside diameter of 914.4 mm and a wall thickness 
of 1 9.1 mm and with an outside diameter of 1219.2 mm and a wall thickness of 25.4 mm were manufactured, and the 
10 microstructure. yield strength, tensile strength, HIC resistance, and HAZ toughness were measured. 
[0061] The measurement results are given in Table 5. 

[0062] AH of steel pipes Nos. 36 to 43. which were examples of the present Invention, had a tensile strength not 
lower than 600 MPa, and also had high HIC resistance and HAZ toughness. The microstructure of steel pipe was 
substantially a ferrite phase, in which fine carbides with a particle diameter smaller than 10 nm which contained at 

IS least one element selected from 71, Mo, and Nb and V were dispersed. 

[0063] For steel pipes Nos. 44 to 48, which were conparative examples, the manufacturing method thereof was 
outside the range of the present Invention , and for steel pipes Nos. 49 to 51 , the chemical composition thereof was 
outside the range of the present Invention. Therefore, for these steel pipes, the microstructure thereof was not sub- 
stanlially a ferrile phase, and fine carbides containing at least one element selected from Ti, Mo, and Nb and V were 

^0 not precipitated, so that there caused a problem in that a sufficient strength was not obtained and cracking occun-ed 
In the HIC test. 

[0064] Even if heat treatment was accomplished by either the induction heating apparatus or the gas-fired fumace, 
no difference in result was recognized. 
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Claims 
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15 
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2S 



of Ti, 0.05 to 0.50% M6. at least one element s^Sfn , n^l °' ^' ° °^ '° ° °' ^'^ 0 005 to O.04 
the balance t,eing Fe. In whichihe ^.J^e pi el^^^^^ " "'l"! ^ OOS to 0.10% of V. and 

contalnin,UMo.an.at,eastonee.e.entS:~r^^^^^^^^^^ 

Of Ti, at least one element selected from 0 oSs ro?5^ !;?Sr; !^ n^^^ ° '° ° ^' ° 005 to 0.04% 
condition that the content of (W/2 . MoTis n thl ran^^^^^^^ To . ° °' ^' ^° 
Mo is 0% B included), and the balance being Frtn SI v^.- m^ n ^ r^'^'' ^ """^^ ^''^ '^^"^^"^ 
and complex ca*ides containing Ti, w. Mo and 

said ferritic phase. ' "om Nb and V are precipitated iri 

^'^'^ °^ ^° ^^'^ ^. w"-'" -id steel Pipe further 

'^:^^:S:ot^£^:'oT -^'9''— o^^-^ - dalm 3..wHerein said steel pipe further 

- ?0%'?3r "'"^ - according to clai. 3. wherein the .tlo R is in the range 

11. TJ,e h^h..ength steel pipeofAPiXes grade or high^^^ 

12. T.ehigh..engthsteelpipeofAPIXa5gr^ 

".Amanufacturtng method forahlgh-strength steel Pipe <.AP,X65gra^ 

to'Sccr '''' ^-P-™- in clai. 1 to a temperature in the range o, ,000 

"atr""'"^"^""'^''"^^^^^^^^ 
cooling said steel plate at a cooling rate not lower than 2-C/s- 

14. A manufacturing method for a high-strength steel pipe of API xes nr^n. . k 

y fi»ieei pipe OT API X65 grade or higher, comprising the steps of: 



so 
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heating a steel slab having chemical composition described in claim 3 to a temperature in the range of 1000 
to 1250«C; 

hot rolling said steel slab at a finish temperature not lower than the Ar3 transfonnation temperature to make 
a steel plate; 

cooling said steel plate at a cooling rate not lower than 2^C/s; 

coiling said cooled steel plate at a temperature in the range of 560 to 700°C; and 

fomning said coiled steel plate into a steel pipe. 

15. A manufacturing method for a high-strength steel pipe of API X65 grade or higher, comprising the steps of: 

heating a steel slab having chemical composition described In claim 1 to a temperature in the range of 1000 
to1250«C; 

hot rolling said steel slab at a finish temperature not lower than the Ar3 transfonnation temperature to make 
a steel plate; 

cooling said steel plate to a temperature In the range of 600 to 700*C at a cooling rate not lower than 2°C/s; 
cooling said cooled steel plate to at least 550'C at a cooling rate not higher than O.rc/s; and 
fonning said steel plate into a steel pipe. 

16. A manufacturing method for a high-slrenglh steel pipe of API X65 grade or higher, comprising the steps of: 

heating a steel slab having chemical composition described in claim 3 to a temperature in the range of 1000 
to 1250''C; 

hot rolling said steel slab at a finish temperature not lower than the Ar3 transfonnation temperature to make 
a steel plate; 

cooling said steel plate to a temperature in the range of 600 to 700»C at a cooling rate not lower than 2*»C/s; 
cooling said cooled steel plate to at least 550*C at a cooling rate not higher than 0. VC/s; and 
forming said steel plate into a steel pipe. . 

17. A manufacturing method for a high-strength steel pipe of API X65 grade or higher, comprising the steps of: 

heating a steel slab having chemical composition described in claim 1 to a temperature In the range of 1 000 
to1250*C; 

hot rolling said steel slab at a finish temperature not lower than the Ar3 transformation temperature to make 
a steel plate; 

cooling said steel plate to a temperature in the range of 550 to yoO'^C at a cooling rate not lower than 2'»C/s; 
heating said cooled steel plate immediately after being cooled and keeping It at a temperature in the range of 
550 to 700*'C for three minutes or longer; and 
fonning said steel plate into a steel pipe. 

18. A manufacturing method for a high-strength steel pipe of API X65 grade or higher, comprising the steps of: 

heating a steel slab having chemical composition described in claim 3 to a temperature in the range of 1000 
to1260*'C; 

hot rolling said steel slab at a finish temperature not lower than the Ar3 transfonnation temperature to make 

a steel plate; 

cooling said steel plate to a temperature In the range of 550 to 700*0 at a cooling rate not lower than 2*C/s; 
heating said cooled steel plate immediately after being cooled and keeping it at a temperature in the range of 
650 to 700**C for three minutes or longer; and 
fonning said steel plate into a steel pipe. 

1 9. The manufacturing method for a high-strength steel pipe of API X65 grade or higher according to claim 1 7, where 
in the heat treatment for keeping said steel plate at a temperature in the range of 550 to 700 <»C for three minutes 
or longer is accomplished by using two or more induction heating apparatuses provided in series on the same line 
as rolling equipment and cooling equipment. 

20. The manufacturing method for a high-strength steel pipe of API X65 grade or higher according to claim 18, where 
in the heat treatment for keeping said steel plate at a temperature in the range of 550 to 700*^0 for three minutes 
or longer is accomplished by using two or more induction heating apparatuses provided In series on the same line 
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rolling equipment and cooling equipment. - 
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